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EXECUTIVE SUMMARY

Problems and Objectives: The U.S. Army Methanol-Fueled Administrative Vehicle
Demonstration Program was conducted as the result of a request by Vice President Bush
to Secretary Weinberger and legislative directives contained in FY85 Department of
Energy Authorization bill, Section 202, PL 98-525. The purpose of the demonstration
program was to establish the feasibility of using methanol as an alternative fuel for
administrative-type vehicles. The phase of the program discussed in this report was
concerned with the evaluation of various lubricant formulations for potential engine oils
that would provide more wear and/or corrosion protection needed for engines operating
on M85 methanol fuel than is currently afforded by existing MIL-L-46152 oils.

Importance of Project: The use of methanol fuel in engines designed for gasoline results
,n increased wear and corrosion to vital engine parts. One method of decreasing this
wear and corrosion is the use of a lubricant formulated to offset the deleterious actions
of the fuel. This program evaluatec several possible lubricants to determine the best
:ubricant to use in any future Government programs related to N185 methanol-fueled
tnrines.

Technical Approach: A number of organizations were invited to submit oils that they
believed would provide the added protection required for M85-fueled engine!:. As a
result of the requests, six oils were evaluated in an initial test series using modified
ASTM V-D cyclic test conditions. The three best oils were determined, based upon wear
metal debris in the used oil samples. A second test series was conducted on these three
selected oils using steady-state/cold test conditions. Under these conditions, test
variables such as decline in engine response and other factors can increase the difficulty
In differentiating among test results. Therefore, "bracketing" the test runs with
reference runs was performed in both test matrices. This bracketing procedure allows
for normalization of the test results to a common baseline.

Accomplishments: Based upon the data obtained in this phase of the Army Methanol-
Fueled Administrative Vehicle Demonstration Program, three lubricants were recom-
-nenced for use in administrative-type methanol-fueled vehicle engines. These three
,ubricants provided the same order of protection from wear and corrosion in the steady-
state/cold test conditions as they provided using the cyclic test conditions.

Military Impact: In the event of a gasoline shortage, an alternative fuel must be utilized
by the military's fleet of spark-ignition engine vehicles. The most likely candidate to
stretch out the gasoline supply is a methanol/gasoline blend. However, the use of this
blend, M85, may result in increased wear, corrosion, and other maintenance problems for
the military's administrative vehicles. To help offset these maintenance problems,
.. ¢2lting in increased downtime and logistics burden, a specially formulated lubricant
may be used in the vehicles. The most likely candidates were evaluated, and
recommendations were made as Lo KL.e three best methanol-resistant lubricants to use in
any future Government programs related to M85 methanoi-fueied engi-.s.

-----------------------------------------



FOREWORD

This work was conducted at the Belvoir Fuels and Lubricants Research Facility (BFLRF)

located at Southwest Research Institute (SwRI), San Antonio, TX under Contract Nos.

DAAK70-85-C-0007 and DAAK70-87-C-0043 during the period July 1985 through Novem-

ber 1988. The work was funded by the U.S. Army Belvoir Research, Development and

Engineering Center (Belvoir RDE Center), Ft. Belvoir, VA, with Messrs. F.W. Schaekel

and T.C. Bowen (STRBE-VF), as the contracting officer's representatives and Mr. M.E.

LePera, chief of Fuels and Lubricants Division (STRBE-VF), as the project technical

monitor.
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1. INTRODUCTION AND BACKGROUND

The U.S. Army Methanol-Fueled Administrative Vehicle Demonstration Program was

conducted as the result of a request by Vice President Bush to Secretary Weinberger and

legislative directives contained in FY85 DOE Authorization bill, Section 202, PL 98-525.

The purpose of the demonstration program was to establish the feasibility of using

methanol as an alternative fuel for administrative-type vehicles.

One phase of this program was concerned with the evaluation of various lubricant

formulations for potential engine oils that would provide more wear and/or corrosion

protection needed for engines operating on M85 methanol fuel than is currently afforded

by existing \NIL-L-46152 oils.

II. PROGRAM OBJECTIVE

The results from this phase of the program will be used to recommend an oil(s) that

appears to be the most suitable for inclusion in any future Government programs related

to MNI5 methanol-fueled engines.

III. EXPERIMENTAL APPROACH

A letter was distributed in mid-1985 to twelve organizations known to have a "methanol

lubricant," or that had shown earlier interests in developing a suitable formuiation. The

organizations were invited to submit an oil(s) that they believed would provide the added

protection required for \ 85-fueled engines. A total of five special lubricants were

submitted by the invited organizations. In addition, one fully formulated oil for use in

gasoline-fueled vehicles was selected by Belvoir Fuels and Lubricants Research Facility

(BFLRF) at Southwest Research Institute (SwRI) and was included in the program. The

six oils were evaluated in an initial test series using modified ASTM V-D cyclic test

conditions. The three best oils were determined, based upon wear metal debris in the

used oil samples. A second test series was conducted on these selected oils using steady-

,tatei cold test conditions.



A. Test Engine

A new Ford 2.3L, four-cylinder overhead cam engine was used for each test matrix. The

engines were built according to ASTM Sequence V-D specifications except that ring gaps

were adjusted for this methanol application and a modified electroless nickel-plated

carburetor is used. Piston rings from an ASTM Sequence V-D parts kit were used (top

ring, molybdenum and second ring, cast iron).

1. Engine Test Stand Configuration

The test engine was mounted on an SwRl test stand that was configured to conduct

Sequence V-D tests. The exceptions to the standard Sequence V-D procedure were as

fo i10w s:

* An oil filter was installed for all test work.

* A special oil changing and flushing system 'was used for this technique.

Basically, it is a system that can efficiently change the oil consistently and

save much time. This system is described in nore detail in the next

subsection.

* A carburetor was specially modified to accommodate the methanol fuel.

These modifications included main jet and air bieed changes to provide near

stoichiometric air/fuel ratios.

0 The engine test stand was plumbed to both methanol and Phillips "I fuel with

provisions for quick changeovers.

2. Oil Flush/Changes (Flying Flush)

A special oil changing and flushing procedure that has proven to be effective and

consistent was used in this program. The system provides for performing oil

changes/flushes with the engine running. A special detergent oil, SwRI oil code LO-

12119, was used as a part of each test to remove effects of previous oils. Details of the

flushing technique are included in the following listing:
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Time,
hr:min Action

0:00 e Shut engine down
* Determine oil level
* Change to "J" carburetor
* Change to "J" fuel
* Purge fuel line
e Change fuel filter
* Change oil filter

0:30 * Start engine
* Flush chree times with flush oil
* After the third flush, run engine under Sequence V-D

Stage 1I test conditions

2:00 * Shut engine down
* Change to methanol carburetor
* Change to methanol fuel
* Purge fuel line
* Change fuel filter
* Remove oil filter
* Install oil filter cap

2:30 * Start engine
* Flush three times with candidate oil

2:50 * Shut engine down
o Remove oil filter cap
* Install new oil filter filled with candidate oil

2:55 a Start engine

3:00 * Start test

B. Test Fuel

The test fuel was commercial grade, 200 proof methanol plus 15 vol% Phillips "3"

gasoline (Batch 28). Water, chlorine, and sodium content of the fuel were determined.

SwRI methanol code AIS-22 was used. The analysis results are shown in the following

listing:

AIS-SwRI-M-D-04-03-84 Sample A: 0.047 wt% H 2 0
Sample B: 0.078 wt% 1H2 0

Sample C: 0.059 wt% H2 0

3



AIS-S wRI-M -0 4-28-8 7 Sample A: 0.058 wt% H-20

Sample B: 0.044 wt% H2 0

\'iethanols were mixed, blended with Phillips "I" fuel, and placed into a holding tank.

Composite samples were tested for sodium and chlorine, with the following results:

Sample Sodium. ppm Chlorine, wt%

05-14-87 30.005

06-10-S72 0.017

C~. Test Procedures

After rc,iiewinc: t",e iiterature -,nd th-e candidate oil test cata p rovidedb th-e suppliers

)f the cancidate oiis, it w pparent that twko -,eneral types of laboratory engine wear

screener test Procecures (cyclicc and steady state) have been used for oil evaluations as

shown in TABLES I ana 2.

TABLE 1. V-D Cyclic Test Conditions - 24 Hours

Oil Temp, Coolant Temp, Time. minutes
Sae RDM Bhrv OF (OC) OF (OC) per cvcle

1 aSCO0 33. 5 175 ( 79) 135 (57) 120

11 2 50S0 33.5 '37 (86) 15 5 (68) -

I[I i 500 .0 1120 (49) 120 (49) 5

TABLE 2. Steady-State/Cold Test Conditions - 24 Hours

Oil Temp, Coolant Temnp,
Rpm Bhp OF (OC) OF (OC)

2500 33. 5 125 (52) 115 (46)

Two test Matrices were conducted. The first test rnatrix used the cvclic test conditions

,liven in TABLE I ind included 1-ll s.tx test oils in/oied in the programn. Thie second test



matrix, using the steady-state/cold test conditions given in TABLE 2, was conducted

using the three best oils as determined from the first test matrix. Since test variables

such as decline in engine response and other factors can increase the difficulty in

differentiating among test results, "bracketing" test runs with reference runs (using one

,f the candidate oils as the reference oil) was included in both test matrices. This

bracketing procedure allows for nurmalization of the test results to a common baseline.

D. Canaidate Oils

The tollowing six candidate oils were received for evaluation in this program. Analysis

resuits of the lubricants are show, in TABLE 3.

TABLE 3. Analysis of Test Oils

Viscosit% at Viscosity at
5FLRF ;°C, cst, 100 0 C, cSt, VI, TAN, TBN,

Oil Code D 445 D 445 D 2270 D 664 D 664

.AL-14965-L 136.6 i4.0 100 2.68 10.5

AL-1 966-L 137.S 14.2 100 2.86 10.4

AL-15427-L 72.0 11.1 145 3.42 7.4

AL-15610-L 118.2 14.1 119 3.49 6.6

AL-16155-L S2.7* 10.4 104 2.49 15.0

-\L-16156-L 78.8 10.0 107 2.45 14.5

This canaidate oil was used as the baseline "reference" oil in Test Matrices
I and 2 to facilitate normalization of the test results. SwRl oil code LO-
12119 was used as the flush oil for all tests.

For each test, a new oil sample as well as used oil samples were taken after each 8-, 16-,

20-, ±nd 24-hr operating period. Samples were analyzed for the following metals by

Inductively Coupled Plasma (ICP) analyses:

* Iron (Fe)

• Chromium (Cr)

* .\luminumn (AI)

* Copper (Cu)



" Tin (Sn)

" Lead (Pb)

* Silicon (Si)

" Molybdenum (Mo)

The wear data from the intermediate samples taken after 16-, 18-, and 20-hr operating

periods were reviewed to ensure that no catastrophic wear was occurring during each

test. Data from the 24-hr sample were used to determine the total net wear obtained

for each test.

IV. DISCUSSION OF RESULTS

A. V-D C-.clic Test Concitions

TABLE , presents i summary of the wear metal data obtained for the Test Matrix I

using the modified V-D cyclic test conditions. All six candidate oils were included in

Test Matrix 1. Individual operational summary data sheets and metal determinations

from the used oil samples for each test in Test Matrix I are included in Appendix A.

The total net used oil wear metal data for each are summarized in TABLE 4. The net

used oil wear metal data used in this report are the sums of the 24-hr sample wear

metals in ppm less the sums of the new sample wear metals for each individual test.

TABLE 4 also presents the normalized reference oil comparison data and the normalized

percent of reference oil for each test.

Even though silicon was included in each of the individual used oil analyses, it was not

included in the comparisons of new and used oil samples. The silicon appears to be part

of an additive package for two of the candidate lubricants and, therefore, was not

considered as a wear metal element. The remaining seven wear metals were included in

the wear metal comparisons presented in TABLE 4.

The average normalized percents of reference oil were calculated for the six candidate

oils and are presented in TABLE 5 in the order of protection from wear and corrosion

provided by the six individual oils. Oil AL-15427-L generated the least amount of net

total wear metals, thereby providing the best protection against wear and corrosion when

evaluated using the V-D cyclic test conditions for 24 hours. The reference oil, AL-
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TABLE 4. Summary of the Total Net Used Oil Wear Metal Data for
Each Test Conducted in Test Matrix I*

(Cyclic Test Conditions)

Test Total Net,
Sequence BFLRF Wear Metal, Reference Oil Normalized Percent

No. Oil Code ppm Comparison Data of Reference Oil

1(a) AL-16155-L 19 -- --

2 AL-16155-L(b) 116 116.0 100.0
3 AL-14965-L 134 116.3 115.2
4 AL-15427-L 107 116.6 91.8
5 AL- 16155-L(b) 117 117.0 100.0
6 AL-16156-L 150 115.8 129.5
7 AL-15610-L 144 114.5 125.8
3 AL-14965-L 253 113.2 223.5
9 AL-16155-L(b) 112 112.0 100.0

10 AL-15427-L 82 100.5 81.6
11 AL-15610-L 98 89.0 110.1
12 AL-16156-L 104 77.5 134.2
13 AL-16155-L(b) 66 66.0 100.0
14 AL-14965-L 165 63.0 261.9
15 AL-15610-L 82 60.0 136.7
16 AL-14966-L 98 57.0 171.9
17 AL- 16155-L(b) 54 54.0 100.0
18 AL-14966-L 63 51.0 123.5

* Total net wear metal equals 24-hr sample total data less new sample total data.
(a) Test conducted using Phillips "J" unleaded gasoline. All other tests conducted using

M85 methanol fuel.
(b) Reference oil test.

TABLE 5. Average Normalized Percent of Reference Oil
(Cyclic Test Conditions)

Average Normalized
BFLRF Percent of

Oil Code Reference Oil

AL-15427-L 86.7
AL-16155-L 100.0*
AL-15610-L 124.2
AL-16156-L 131.8
AL-14966-L 147.7
AL-14965-L 200.2

* Reference oil for all tests.



16155-L, provided the next best protection under the V-D cyclic test conditions, with oil

AL-i4965-L providing the least protection of the six candidate oils included in the

program.

It should be mentioned that approximately 81.2 percent of the total net wear metals for

the 17 tests using M85 fuel was generated from iron, and approximately 6.7 percent was

observed for molybdenum. Chromium accounted for only 1.4 percent of the wear metals

noted with aluminum, copper, tin, and lead all being approximately 2.6 percent each.

B. Steady-State/Cold Test Conditions

Evaluation of the three best lubricants as determined using the V-D cyclic test

conditions was then continued using steady-state/cold test conditions. Test oils AL-

15427-L. AL-16155-L (reference oil for all tests in Test Matrices 1 and 2), and AL-

15610-L were evaluated in Test Matrix 2 (steady-state/cold test conditions). TABLE 6

presents a summary of the total net used oil wear data obtained for Test Matrix 2.

Individual summary operational data sheets and element determinations for oil samples

for each test in Test Matrix 2 are included in Appendix B. As in the wear summaries of

Test Matrix 1, silicon was not included in the comparisons of the new and used oil

samples taken in Test Matrix 2.

TABLE 6. Summary of the Total Net Used Oil Wear Metal Data for
Each Test Conducted in Test Matrix 2*

(Steady-State/Cold Test Conditions)

Test Total Net,
Sequence BFLRF Wear Metal, Reference Oil Normalized Percent

No. Oil Code ppm Comparison Data of Reference Oil

19(a )  AL-16155-L 35 -- --

20 AL-16155-L(b) 341 341.0 100.0
21 AL-15427-L 264 290.3 90.9
22 AL-15610-L 209 239.7 87.2
23 AL-16155-L(b) 189 189.0 100.0
24 AL-15427-L 167 182.4 91.6
25 AL-15610-L 240 175.7 136.6
26 AL=16155=L(b) 169 169.0 100.0

• Total net wear metal equals 24-hr sample total data less new sample total data.

(a) Test conducted using Phillips "J" unleaded gasoline. All other tests conducted using
%185 methanol fuel.

(b) Reference oil test.



The average normalized percents of reference oil were calculated for the three

candidate oils and are presented in TABLE 7 in the order of protection from wear and

corrosion provided by the three remaining candidate oils. It will be noted that these

three candidate oils provided the same order of protection from wear and corrosion in

the steady-state/cold test conditions as they provided using the cyclic test conditions.

TABLE 7. Average Normalized Percent of Reference Oil
(Steady-State/Cold Test Conditions)

Average Normalized
BFLRF Percent of

Oil Code Reference Oil

AL-15427-L 91.3

AL-16155-L 100.0*

AL-15610-I. 11.9

* Reference oil for all tests.

It should be noted that in all tests conducted in Sequence 2 except No. 19 (which was run

on Phillips "3" gasoline), a "white emulsion" type sludge formed on the rocker arm cover

and cam baffle. This type sludge was reported by S.E. Schwartz*, et al., in an earlier

program, and was determined to be composed of methanol, water, and engine oil. This

same emulsion would also clog the blowby condenser, causing an increase in crankcase

pressure. The operator had to use ccmpressed air to "blow-down" the passages in the

condenser. All oils exhibited this same tendency. Incidences of "blow-down" varied

somewhat, but were not significantly different from test-to-test. After each test and

prior to the initial flush, the rocker arm cover and valve deck were rated for sludge.

This sludge was then physically removed prior to the flush. Sludge ratings are presented

in TABLE 8.

The valve deck was practically clean when compared with the area between the rocker

arm cover and the baffle for all three oils tested. The average sludge rating for the

rocker arm cover and baffle varied from 7.39 for the cleanest oil tested (AL-15610-L) to

* Schwartz, Shirley E., Smolenski, Donald J., and Clark, Sidney L., "Entry and Retention
of Methanol Fuel in Engine Oil," SAE Technical Paper Series 880040, February 29,
1988.
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TABLE 8. Sludge Ratings

Average Sludge (10 = Clean)
Test No. BFLRF Rocker Arm Valve

Sequence 2 Oil Code Cover & Baffle Deck

19 AL-16155-L ....

20 AL-16155-L 2.91 9.57

21 AL-15427-L 5.18 9.58

22 AL-15610-L 8.32 9.45

23 AL-16155-L 2.90 9.37

24 AL-15427-L 5.64 9.46

25 AL-15610-L 6.43 9.35

26 AL-16155-L 1.92 9.32

2.57 for AL-16155-L, the reference oil used in both Sequence I and Sequence 2 tests.

Test oil AL-15427-L provided an average midrange number of 5.41 for the sludge

between the rocker arm cover and baffle. Photographs from Test No. 20, before and

after the normal flush following the 24-hr test, are presented in Fig. 1. After noting

that all sludge was not removed from the rocker arm cover and the cam baffle during the

normal flushing procedure, it was decided to physically remove all "white" sludge after

each test prior to the normal flushing for the next test. This procedure was followed for

all the remaining tests in Sequence 2.

V. CONCLUSIONS

The degree of protection from wear and corrosion provided by six different engine oils

formulated for use with M85 fuel indicated the best protection was obtained when using

lubricant AL-15427. The least protection was provided by lubricant AL-14965-L. The

three lubricants providing the best protection, in the order of protection from wear and

corrosion, were AL-15427-L, AL-16155-L, and AL-15610-L. These three lubricants

provided the same order of protection from wear and corrosion in the steady-state/cold

test conditions as they provided using the cyclic test conditions.

10



,b

Test No. 20, before flush

Test No. 20, after flush

Figure 1. White emulsion-type sludge in valve cover
before and after flush for Test No. 20



VI. RECOMMENDATIONS

Based upon the data obtained in this phase of the Army Methanol-Fueled Administrative

Vehicle Demonstrction Program, three lubricants coded AL-15427-L, AL-16155-L, and

AL-15610-L are tecommended for use in administrative-type vehicle engines. It is

believed worthy c.f mention that two of these three oils are known to have been used in

the fleet test portion of the program with no lubricant-related problems occurring during

the program.

12



APPENDIX A

Individual Summary Data Sheets for Each
Test Conducted Using the Modified

V-D (Cyclic) Test Conditions
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WEAR SCREENER TEST

OIL CODE AL-16155-L

SwRI NO. LO-34026

DATE 05-19-87

TEST NO. 31-01-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 5

FUEL Philli=s "

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhillis "J"

FLUSH TIME 5 Hours*

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8,16, 20, 24 hours

- "New" Oil

* Included 2 hour V-D break-in and coolant flush.

15



SEqUENCE V-D

OPERATIONAL SU MARY

TEST I NER DATE COMPLETED

31-01-237-84-3 05-20-87 I
CLIENT OIL COfE SwRI OIL CODE

AL- 1615 5-L LO-34026

STAGE I STAGE It STAGE IlLI

MA HIE] AVG M4AX MIN AVG 4AX NMIX AVGJ
________ __Speed, rpm - 2508]_2501 2504 2507 2502 25011-767f 7148 7551

Load, bhp ______ 33.9] 33.1' 33.6 33.8 33.14 33.51 1.3 1.0 12.11
lColr- ito engine, r1761 170 17 7 185 18 1 - 121

l n175 18 186s121 1 11
Erin &T(O6ut-tIn) , r 2 3 6 ij __0 0!

Pump Gallery, psi __ _ 63.01 60.0 60.9 59.0 58.01 58.61 5 56.0 56.81

Engine Galler, psi 5801s 514.0 55.2 4. 0 52,o 52.81 53. 1 5

- -- -- . - --" -- I'- ' " ' t ! '  - ------ _-
P (Pump-Engine), psi _6.0] 5.01 5.7 6.1 54 3o 1.o oo

-u- lw Ilr.4..... ...--

Cyl. Head Gallery, psi 55.01 51.0 53.14 51.71 50.01 507 53.1 51.01 52.2
,P (Engine-Head) , psi ~ I 0. 1. 30 1.01 2.21 2.0 0. 0?

-. ngin-. 0.3. 9 , 3.0 0o ,o 2f ;o

.-- -1- -t -. 1--I --:_ --
Coong,mi 2 I s --- --- -

WateriJacket Outlet, OF 136 1214 133 156 155 156j 122 19 121?

1 (Ocut-In), or 15 13 114 114 13 3 17 151 161

Fl_ _ _p 15.14 114.7 15.1 15. 114.9 15.1'ZWZ2=2=

Slowby Heat Exch., ,F 131 119 128 151 150 150 11 113ns1

Marine Manifold, Or149 137 146 169 168 168 140 131 138
Carb.lTemperature, or 81 78 80 81 78 B'8807 81,

Air Humidity, grains/lb 792 79.2 T92 T9.2 79.2 79-211 79.2 7 . 2 9~

Pressure, in. H,0 0.24 0.22 0.23 0.214 0.21, 0.ZZ1 0.281 0.251 0.26
Blovby Temperature, or 1301 120 127 1149 1147 148t :113 112 _ i113
Blovby Rate, cC.I .8.165 17 I3~ 2!W2 22=

Crankcase Pressure, in. H20 ~ 0.01 0.00 0.00 0.00 0.00 o.oo 0.05 0.00 0.00$

ignition Timing, OBTDC 46 46 146 3m2f 12 10 10 10

Intake Manifold Vacum,in.Hg 8.1 7.14 7.9 8.0 7.14 7. 5.4 12.14 13.2

Fuel Flow, lb/hr --- -- -- -- -- -- -- -- -

Exhaust lack Press., in. H2 0 113.2 8.9 11.0 13.0 8.14 10.8 3.2 1.8 2.14

Exhaust 02, % 1.17 0.91 1.02 1.10 0.90 1.02 1.01 0.15 0.60
CAB CO, % 0.35 0.1.6 0.21 0.21 0.12 0.20 6.80 6.140 6.60

Analys is sox, 'p 2iiiion 'm - - 3250 =

Southygo Resegrch Institute
TesingLabratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-34026

DATE 05-20-87

TEST NO. 31-02-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 32

FUEL M-85 Tank i 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhillis "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Samole:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

18



SEQUENCE V-D

OPERATIONAL SUMMAnY

TEST NUMBER DATE COMPLETED
31-02-237-84-3 05-22-87

LI E-NT OIL CODE i SwRI OIL CODE L
AL-1 6155 -L LO-34026

STAGE I STAGE II I STAGE III

e, mMAX I MIN1 I AVG I X I IAVG MAX I MIN AVG

Speed, rpm 25101 24961 25061 25121 2497 25031 7601 746 754!

Load, bhp 33.71 33.21 33.51 33.8! 33'.3 33.61 1.001 0.571 0.85:

oil Cooler into engine IF 1771 1721 174j 187! 1851 186I1 1.211 1191 120!

Engine aT(Out-In), 21 ; 2 3 51 31 4! 21 1 2

Pump Gallery, psi I 63.0i 62.0! 62.6! 61.0! 60.01 60.51 58.71 57.01 58.0

Engine Gallery, psi 57.51 56.01 57.0! 56.01 54.01 54.811 55.01 54.0 54.5,

-P (Pump-Enginei, psi 6.5 1 5.0 6 5.0 5.711 5.21 3.01 3.8!

Cyl. Head Gallery, psi 57.4i 54. 0 ( 56.11 54.5; 52.01 53.4d 55.5. 52.0! 54.01
.P (Engine-Headi, psi 3.0! 0.01 0.81 .0! 0.01 ..4 ! 2.01 0.01 1.2

'Cooling, mmn I =51 251 301

WatertJacket Outlet, IF i 1361 133! 1341 1561 155 1561 122! 1191 1211

,4T (Out-In), -F 1~241 121 lI 131 121 1311 15 Ill 13!

Flow, gpm 15.4! 14.71 15.1j 15.31 14.8 15. 0 --A= I

EBlowby Heat Exch., -F 1301 1271 1491 1471 141 111 1131 11

Marine Manifold, ' F1501 1471 14 1691 1671 168, 136; 1321 133'-4-, 1-' 4

Carb. Temperature, 'F 82! 791 81! 811 80 81!! 851 8o 821

Air ;Humidity, grains/lb 1! 79.21 79.21 79.2 79.2i 79.2 79.2! 79.2! 79.2 79.2:

;Pressure, in. H,o I 0.24! 0.221 0.23! 0.241 0.221 0.221l 0.261 0.20! 0.24!

Blowby Temperature, 'F 1281 2.25! 1.27! 1L71 2.401 2.4311 11231 2.13! 113,
Blowby Rate, cfm 1.681 1.551 1. 621 ===21 r-2-125 II =I zI

Crankcase Pressure, in. H?0 1} 1.80 0.01 0.50! 1.701 0.01 -TI 1.1.0; 0.01 0.40,

Ignition Timing, 'TDC 461 46 46 22-f I ! =.0._o 1O ! 10l

Intake Manifold Vacuum, in. Hg 9.2! 8.5! 8.81 9.01 7.7 8.511 15.61 211!1 14.4

Fuel Flow, lb/hr, - - ---- . .---
Exhaust Back Press., in. HO ,j 11.21 9.5f 10.4 11.31 9.4! 10.411 2.81 ".4! 2.6

Exhaust 02, % 11 1.191 0.88! 1.071 1.111 1.00i 1.061! 0.851 o.151 0.30
Gas CO, % I 0.70 0.251 0.491 0.651 0.261 0.51! 6.901 6.401 6.66

Analysis; NOx, ppm I-no= I """M 1 23901 I--

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14965-L

SwRI NO. LO-34460

DATE 05-24-87

TEST NO. 31-03-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 5a

FUEL M-85 (Tank i 105)

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhi!Iips "7"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Samole:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

21



SEQUENCE V-D

OPERATIONAL SUTMPARY

TEST MER 31DATE COMPLETED31-o-2378 -305-26-87

cx. = OZLCO ESvRI OIL. CODEAL-1965-L 
E LO-34460

STAGE I STAGE II STAGE III

MX MXIAVG Maj Nis AVGI KAX 14II AVC
Speed, rpm 2508 224991 25 ] .152J 2500 25024 764 '7561 75

Load, bhp ____5 3.8j 33 33.61 _33.5] 33. 33 1.2 0.7J 1.0

Oil Cooler into engine, OF176174175 187 185 186~ 122I 118 121

-- ---4- ----

,Engine "T(Out-In), 650! 6 5 .

Pump Galle- 66. 61.01 5.0 6-_. 63. 6371 59 -: 8.3 58.9
,Engine Gallery, psi 11 61.0 59-71 57.9 58.21 55.61 54.31 55.1
.P (Pu.mp-Engine), psi 5.6 1.0 4.8_ 5.6.01 *0 3 -11.I3~

Cyl. Head Gallery, psi 59. 1 57-5 58.6- 57.3 56.0 56.7552 5 5.

(Cooling, - mm n .. M" M ..... 0i.. . - 11  131 14

Water Jacket Outlet, . 135 134 1351 1551 1524 __1551 121.. 12

&T (Out-In), oT r6 1 2 6 1 _ 131 1 11 12

Flow _ p 15.2 14.6 35 - ?1 0.8i&. 4 92- lws'l o

b 129 127 128 1149 145 1471 113 115
IMarine Manifold, OF 151 1481 150w 170 167j 16911 13 31

Carb..Te.perature, or 82 80J 82 8 781 80 8 -4 so ..

Air______________/l 79.5 79.2 79.2w 79.2 79.2 79.2jj 79.21, T9.21 79.2

. ............. . I"-! - -- F " - "°1t

1Pressure, in. HT0 0 .24 0.20 0.22! 0.221 0.20 0.*22', 0.*1 .2'241 0.25-

Blcrwby Temperature, Fr 13 0 127 128 181 l4j 1 ,171 1131 115'

Blowby Rate, cf'm 1.78 1.63 1.6812 3~ I '
Crankcase Pressure, in. H,0 0.70 0.01 0.15 0.60 010.171- 00 .- 61

Ignition Timing, BTDC 246 246 - [ -T= 10 io _ 10t

Intake Manifold Vacuum, in. Hg 8.8 8.24 8.6 8. 8.5 15.3 14.8I 150
Fuel Flow, lb/hr

Exhaust Back Press., in. H20 I11.0 9.0 9.9l 2 1. J 90 1.! . . 1.61

Exhaust ----- -.--.- 1.18 i 0.98 1.06 1.8092 1.00, 0.60 0.55 0.581

Gas CO, % 1 0.72 0.59 0.50.78 0.61L 069 0.65 0.60 0.631

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L

SwRI NO. LO-34461

DATE 05-27-87

TEST NO. 31-04-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 86

FUEL M-85 (Tank i 105)

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhillirs "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

24



SEQUENCE V-0

OPERATIONAL SUMMARY

TEST NUMBER DATE COMPLETED
31-04-237-84-3 05-29-87

UL IENT OIL CODE SwRI OIL CODE
AL-15.27-L L0-314161

STAGE I STAGE II 1 STAGE III

MA MIN VG 14AX .MNlJ AVG MXIMIN AVG

Speed, rpm 2510 249004214991 259 0 25021 760_7_3_75_ 8

Load, bhp 33.81 33.01 33.1 33.61 33.-5 33.61 .. 31 0.8! 1.0

Oil jCooler into engine, IF 11761 1.72! 1.74 1.71 1851 18611 121121 122

,Engine .a.T(Out-In), 2F 2' 01 1 21 21J 11 0 0

IPump Gallery, psii 61.4[ 60.0 60.9! 59.21 r8.51 58.91 56.81 56.0 56.2

iEngine Gallery, psi 55.2! 54.61 5501 .5.01 52.01 52.8!1 53.1 5 2-01 52.6
1aP (Pump-Engine), p.i 6.2! 5.01 5.8J 6.51 5.01 6.011 .- 3.01 3.6

Cyl. Head Gallery, p i 54.61 51-51 52.7!' 52.2! 49.0 50.-8' 52.7: 50.0 51.0

IP (Engine-Head), psi 3.5 0.141 2.0J 4.5$ 0.3 3.01 1.0 2.0

Cooling, min 161 151 '16

WaterjJacket Outlet, OI 136 13141 135 1561541 1551 221- - 119 121.

I.T (Out-In), IF ,12 1 2, 11 121 13 Ill 12

lo,, p 15.2 4.1 15.01 15.2 14.81 15 .1011-

Blowby Heat Exch., 'F - 19 12 181 50 146$ 14811 116 12 13

!Marine Manifold, 4F 1149 1511 1711 16 1701 13141 1311 13

Carb. ITemperature, IF 821 791 81 811 801 811~ 821 791 80

Air !Humidity, grains/lb 80.9i 79.2j 79.21 80.91 79.21 79.5! 80. 79.21 79.

i'Pressure, in. H7 o _._ 0.2_2 0.231 20 0 .2 0 o.3! 2 0.24 .25

Blowby Temperature, -r 1301 126 1 211 149 114711 115L 112 L113:

Crankcase Pressure, in. H .10 0.01 0.010 0.00 0.04$ 0.10 0.01 0.281

Ignition Timing, OBTDC I 46$ 46$ L,46 1 "W- I 22 = 210 10 101

Intake Manifold Vacuum. in. Hg 9.60i 9.101 9.25 9.20 i 8.901 9.00! 15.6$ 11.8 15.2____ _-__.. ...___ ___ __-___ ___ ______.... ...1
Fuel Flow, lb/hr.,

Exhaust Back Press., In. H20 1 11.7! 8.31 9.51 10.8 j 8.] 9.! i0 0.1. 0.3

Exhaust 02, % 1 1.10! 0.80$ 1.00$ 1.061 0.861 0.971 0.881 0.10$ 0.61

Gas CO, % 0.62i 0.43 0.5 0.651 0.451 0.5711 6_. 0 6 20T 6.50,

Analysis NOX, ppm ~I !~e 1==1!2:21 28140! 2650 i 27451j !! 1M=;==

Southwest Research Institute
Testing Laboratory

25



-: I 11 i i. i. i .I ............... ......

w z

lo

dc

IcU

dc3

Zt_

-. I 26



WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-34026

DATE 05-30-87

TEST NO. 31-05-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 113

FUEL M-85 (Tank # 105)

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhiIlins "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

27



SEQUENCE V-D

OPERATIONAL SUMMARY

TEST UMBER DATE COMPLETED31-05-237-84-3 05-31-87

CUM_56 SVRI OIL CODE
AL- 1615 5-L LO-34026

STAGE I STAGE II STAGE III

MAX M AVG MAX MII AVG MAX MN AVG

Speed, rpm 2506 2498 2503 2511 2500 25041 T66 754 f59

Load, bhp 33.9 33.2 33.6 33.7 33.4 33.6 1.1 0.7 0.9

Oil Cooler into engine, oP 177 174 175 187 181 186 121 118 119

Engine 4T(Out-In), 'P 3 2 3 1 0 C

Pump Gallery, psi 62.71 62.0 62.31 61.0 60.0 67 60.5 56.9 579

Engine Gallery, psi 57.01 56.0 56.81 56.0 54.0 55.0 54.01 53.0 53.6

AP (Pump-Engine), psi 6.01 5.o 5.5 6.0 5.0 5'71 4.0 2.7 3.7

Cyl. Head Gallery, psi 56.3 54.0 55.2 54.2 52.01 53.21 53.5 52.0 52.7

aP (Engine-Head), psi 7.01 0.0 4.0 8.0 1.0 3.01 2.0 0.0 1.0

Cooling, minamunen w m= l 1 3 1

Water Jacket Outlet, OF 1351 134 135 155 154 155 121 118 119

AT (Out-In), or 14 12 13 141 12 12 12 10 11
rlow, gpro 15.0 14.6 14.9 15.0 14.9 15.002200B 02022 am=

Blowby Heat Exch., or 130 128 129 149 148 1.48] 115 112 113

Marine Manifold, or 154 150 151 171 170 170 133 130 131

Carb. Temperature, or 81 78 80 81 79 80 83 78 79

Air Humidity, grains/lb 79.2 79.2 79.2 79.2 79.2 79.2 79.21 79.2 79.2

Pressure, in. H1 O 0.24 0.22 0.23 0.23 0.21 0.221 0.26 0.21 0.24

Blowby Temperature, or 129 127 128 146 145 146j 115 111 113

Blowby Rate, cfm 1.781 1.73 1.76 "000 "22= I 2 222'

Crankcase Pressure, in. H1O 0.07 0.01 0.03 , 0.04 0.01 0.03 0.07 0.01 0.02

Ignition Timing, 'BTDC 46 46 1461 3 331 10 10 10

Intake Manifold Vacuum, in. Hg 9.2 8.6 8.9 9.0 8.8 8.9 15.8 15.2 15.5

Fuel Flow, lb/hr - -

Exhaust Back Press., in. H0 11.2 8.9 10.41 11.3 9.6 I0.6 2.0 0.0 1.1
Exhaust 02, % 1.18 1.00 1.11 1.16 0.99 1.09 0.80 0.45 0.6c

Gas CO, % 0.68 0.40 0.5311 0.60 0.14 0.521 6.80 6.50) 6.7C

Analysis Nox, ppn 21802= 1
I II I|

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16156-L

SwRI NO. LO-33993

DATE 06-01-87

TEST NO. 31-06-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 140

FUEL M-85 (Tank 4 105)

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

30



SEQUENCE V-D

OPERATIONAL SUMMARY

TEST NUMBER DATE COMPLETED31-06-237-814-3 06-02-87

CULILT oJL. CO=E SwRI OIL CODE
AL-1 6156-L LO-33993

STAGE I STAGE II STAGE III

MAX MIN I AVG MAX MIN AVG MAX I MIN AVG

Speed, rpm I25114 21491 25031 25121 25011 25061 757$ 750$ 7531
Load, bhp 33.6) 33.21 33.1 33.8] 33.61 33.711 1.11 0.81 1.0

oil cooler into engine, ~F !1 1771 171 1761 188 115 8' 21le 10
Engine AT(Out-In), I 3 3 0 i0 31 21 2 51 0 3

Pump Gallery, psi 62.61 62.0! 62.1, 61.01 60.0! 6o.31 59.o, 5.o1 58.

Engine Gallery, psi 1 57.01 56.0! 56.7] 54.51 51-.01 514.2, 56.0$ 514.21 55.0

.aP (Pump-Engine), psi 6.01 5.01 5.1 7.0 5. 6.11 1. 3.01 3.4

iCyl. Head Gallery, psi 57.01 53.01 54.7i 54.01 51.01 52.31 56.01 52.21 53.5

6(Engin-Head), psi I3.5$ 0.12.0; 3-5 0.01 1.9 igi ,. ___ .51 0. .

'I I11 = 1$ 5Cooling, minI1= 16$ 14 .

Water: Jacket outlet, '1' 1361 1314 135$ 155 153154 122 1071 119

&T (Out-In), IF 1 1$ 12 11 14 12 13 15 11 13
Flow,,gp 12 114.8 15.11 15.1 14.8 15.1Z 1 = !=

Blowby Heat Exch., IF 1301 128 1291 149 147 148$ 115$ 1001 111

Marine Manif'old, IF 1531 11481 1501 171$ 168 1691 1314 1181 3

Carb. Temperature, 'F 81. 7 8 8 1 8o 801, 81 801 81

Air lHumidity, grains/lb 11 79.2$ 79.2$ 79.211 79.21 79.2$ 79.21 79.21 79.21 79.2

Pressure, in:.20 0.6 0.2 0.23i 0.241 o. 0.220 t 0.261 0.22 0.21

Blowby Temperature, IF 130$ 128$ 129$' 11 145$ 114611 115$ 98$; 110

Blowby Rate, cfm 1.88$ 1.70$ 1 -74$011022 1SO= 2'= 22" 1I2

Crankcase Pressure, in. H20 0.901 0.01 0.141 0.60 0.01 0.01 0.10t 0.01 0.04

Ignition Timing, rBTDC 146 1,646 1 12M I1210 10 10

Intake Manifold Vacuum, in. Hg 8.9$ 8.31 6.6 8.71 8.3 8.51 15.2 114.51 14.8

Fuel Flow, lb/hr --- ---..

Exhaust Back Press., in. H20 1. 10.71 9.0~ 10.1$ 11.14 9.1$ 10.61j 3.0 $ 2.2$ 2.6
Exhaust 02, % .15'1 1.031 1.08 1.12$ 0.371 0.0,,1 0.22

4___ 0. 31 1 - 41 .37

Gas co, % 0.631 0.32$ 0.471 0.651 0-321 0.50 7.00 6.5o 6.70

Analysis NOx, ppm = 1=1 --- I --- _2360 112 -II 2

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L

SwRI NO. LO-34579

DATE 06-03-87

TEST NO. 31-07-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 167

FUEL M-85 (Tank # 105)

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhiIiDs "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil
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SEQUENCE V-D

OPERATIONAL SUMARY

TEST NUMBER DATE COMPLETED

31-07-237-84-3 06-014-87

CLteT! rOL OD SRI OIL CODEAL-i 56 10-L 
LO-314579

_,_ STAGE I STAGI II STAGE III

4AIMIN I AVG MAX MI AVG ;MAX IfI AVG

Speed, rpm 2508 2-491 25011 25051 24961 2500i 760 750 753

Load. bhp ;1 33.81 33.-1 33.61 33.8 1 33.31 33.61 1.2$ 0.8 1.1

Oil :Cooler i.nto engine, 1'1771 1711 17511 18,71 1851 187!$ 1201 1191 120
Engine A~T(Out-In), IF f 6j lj 31 1 2 1 1 1

Pump Gallery, PSI 614.1 63.51 614.01 62.61 62 .0$ 62.2$ 5:9.1 58.0 59.-0-

Engine Gallery, psi 58.81 58.01 58.3i 56.81 56.0! 56.4ij 55.21 54 7 55.0

-.P (Pump-Engine), psi 6.01 5.31 5.71 8.5 5.41 6.311 4.7 3.0 4.01

Cyl. Head Gallery, psi T 58.6! 55.51 57.3;1 56. 14 54.01 55.1!8 55.7! 53.01 54.6:. (Engie-Rea), ps
,P (Engine-Iead!, psi 3.01 0.1 1.0 2.81 0.21 1. 4! 2.0! O.5( 1.2,

:Cooling, min I =T - I T Wl z 1 21m 1 52=!I 20 i  il' 16:

WateriJacket Outlet, F 1351 1331 13 155 15.4 15511.221 119 10'
.wT (Out-In), F 1 11i ? 111 1

5.3 1 5.1 15.2$ 15 1 6 ,-
Flo, gpm 15Hd3 15.01. 0.12 15.22 0._ 15 .1!- .
Blowby Heat Exch , 'F 129 27 127 1481 147 481 11 2 114 113,

oMarine Manifold, F 1531 1148 1501 170$ 169 1691 142 1221 129

Carb. iTemperature, IF 82! 791 80!t 80! 8o' 8o( 821 801 80.1

Air lHumidity, grains/lb !1 79.2{ 77.8! 78.911 79.2$ 79.21 79.21$ 79.21 76.14; 78-6!
'Pressure, J .n. H7.o00 0.6 1 0 o . 2. 0.23.6 0.6! o.1 0.25

looby Temperature, 'F 128! 12 5 127 1451 1431 1141411 113 11o 1121

elowby Rate, cfh- 1.83$ -- 1 1 -.761 = . .I ! -- ) ---I r---:

Crankcase Pressure, in. Ho 11.001 0.01 27i 0.701 0.01 0.231 1.000 o0.1 0.14

Ignition Timing, 'BTDC I 461 461 146 11 =I 2=2rat=$ 10! 10$ 10

Intake Manifold Vacuum, in. Hg 8.8$ 8.141 8.-61 8.71 8.14 8.6! 15.51 15.01 15.2

Fuel Flow, lb/hr ---------- $-$ -- _____

Exhaust lack Press., in. H~o 110.6 8_31 9.61 10.14 8.141 9.*21 1.1! 0.51 1.1
' I " ' -Exhaust 02, % 1114J 0.85t 1.0111 1.151 0.96 1.04!$ 0.1481 0.181 0.30

Gas CO, % 01 0.43$ 0.221 0.28 0.461 0.231 0.3511 .00i 6..401 6.60

Analysis NoX, p *= It!,- --- --- I 2o150 0j2-- ,-2 ,

Southwest Reserch Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14965-L

SwRI NO. LO-34460

DATE 06-08-87

TEST NO. 31-08-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 194

FUEL M-85 (Tank 1 105)

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhilli=s "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sammle:

- End of candidate flush ("0" hour)

- 8, 15, 20, 24 hours

- "New" Oil
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SEQUENCE V-D

OPERATIONAL SUMMARY

TEST NUMBER DATE COMPLETED
31-08-237-84-3 06-09-87

CLIKNT OIL CO=E SwRI OIL CODE
AL-14965-6 LO-34460

______________________ ~ STAGE I STAGE II STAGE III

MAX I MIN 1 AVG MA MIN AVG I MA I IN AVG

Speed, rpm 25101 2 498 2504 2507 25001 250311 7631 7481 753
Load, bhp 3- 33.2 331 33.6 33.2 1 33 1.21 1.01 1.1

Oil Cooler i.nto engine, IF 1761 1714 1751 1871 185J 18611 1221 1181 121.

Engine aT(Out-In), IF 6 65 3 5 31 4i 71 21 4

Pump Gallery, pi I 65.81 65.01 65.21 64.141 63.01 63.6i 60.01 59.01 59.61

Enge Gallery, psi 1 69.71 59.01 60.911 59.01 58.01 58.4l) 56.11 55.4 55.9L
Ei(P-negalle, psi 697

.~. (umpEnine, si6.01 1.! 0 5.71 5.01 5.211 4.31 3.01 3.8
Cyl. Head Gallery, psi 59"51 57.0 58 57.0 55.8! 56.51! 55.61 53.01 54.4

6~P (Engine-Head), psi 4.1OO .1 Ij10 19130 .11-I *9

Cooling, min 1(1! 15l 131 1L4
WatertJacket outlet, 1316 11 20 2

1361 156!13511 1 5511

!AT {Out-In), IF 15 12 14 11 4 1 13I 1311 .1 3 1 12! 13

Flow, gpm 1, 15.1 1-.7! 1-.9!15. 15 14.81 14.9j ! 1
Blwb Heat Exch., 'F 1142 9 118 i81

j~ob et xh,~ 130 1 1281 2911 1 4 9 1148J 14811 1114 113!114

Marine Manifold, IF II1521 1149 15011 1711 169 17! 11! 130T 132

Carb.'Temperature, 'F 811tai 80! 80l 811 801 801! 831 Sol 81

Air Humidity, grains/lb 792!1 79.2 79.2! 79.21 79.21 792 1 79.2 -2 79.21 79.2

!Pressure, in. H-O 1 0.241 0.21! 0.221 0.221 0.21! 0.22! 0.24 0.21 0.24

Blowby Temperature, °F 1291 127; 1281 147 11461 14611 1141 1121 113

Blowby Rate, cfm 11171- 1 . 741122= - -== - -2 ! L = 0

Crankcase Pressure, in. H270 0.09! 0.011 0.021 0.01 0.01! o.0oz.j i.oo ooE] 0.02

Ignition Timing, 'BTDC 46$ 146 46 2= 1"I 10 101 10

Intake Manifold Vacuum, in. Hg 8.81 7.5 8.2 8.61 7.8! 8.311 15.1 14.6 114.9

Fuel Flow, lb/hr J0.02! 0.01 0.02! 0.021 0.02! 0.0211 0.01!_0.0110.01
Exhaust Back Press., i.n. O 1.7! 9.410.6! 10.9 -9 10 1.2! o 0

Exhaust 02, % 11 2.60! 1.02! 1.31 2.201 1.06! 1.3011 0.251 0.171 0.21

Gas CO, % o.5o 0.12 0. 91 0.2 0.18! 0.3411 7.001 6.140 6.60

Analysis NOX, ppm I(= IME 23401 231401 Z34Oi=! 2E 1 =

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-34026

DATE 06-10-87

TEST NO. 31-09-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 221

FUEL :1-85 Tank - 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL hillios ...

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

39



SEQUENCE V-D

OPERATI0NAL SUMMARY

TEST NUMBER DATE COMPLETED 06-11-87

CLIEWi uIL- uCOE TwR OIL CODE

AL-16155--L LO-34026

STAGE I STAGE II STAGE III I

MAX! I IN " AVG 1M MAX I MIN AVG1

Pu ~ ~ H EMorN , ! '' o I .! .I o.! . .I 5.I

Speed, rpm 2510$ 21490{ 214991 2510 214901 2501!j 7651 7511 759;,
Load, bhp a 337 33.1 31 1 33.8 33.21 33.611 1. 1 o .8J

oil lCooler into engine, IF 1761 171$ 175j[ 186 1.851 18611 1221 1181 1201

Engine &T(0ut-In), IF 0 " 31 2 2! 51 21 4!

i~uinp Gallery, psi 62.________ 62-11j60.91 60.51 60.7 ' 58.71 58.01 58-11
!nieGallery, psi_58_1_56_7 57.111_55,21 514.81 5O 5 55.5O 551

Eng:n pi5.01 55.7j 55___5_1
sP (Pump-Engine), psi 6.01 4.01 5..211 6.01 5.51 5.611 3.61 3.0 3.4

Cyl. Head Gallery, ps 0 514.81 514.144 52.01 53.1! 55.0! 52.01 53.6

14P (Engine-Read), psi. o 14.0$ 0.6 2.31 3.0 0.5 1.811 3.o 0.11 1.5

Jcooiing, min Ztl!!l1 2==f! 151 114 1 5

WateriJacket outlet, IF1 136Ij 3 1314d 1551 1541 15511 1221 1211 1.221

,%T (Out-In), OF I 151 13$ 11 114 131 114$13 1$ 12II • 8 -.
!PrFos, rein. ____0_22__0. 15.1 8 114.8 15. 1 0. 810.8 11 0.9 241 02 .

B lowby Heat Ec.rar , F 13 1 2 7 i 11 147 11 1151 121 115

Mar .ine M aod,' '.5,. 1,.47 11.9' 170. 169$ 1.9, 1 .I j 1321 1.

Cableprtr,' i 81 79--'"80'--11 80 8

Blowby Rate cfm 1.90 1.72 1.851 =-1---.--..-.---- 1 =" 0m=

Crankcase Pressure, in. H O 0.21 0.1 1 0 . 0 0.2 ? 0.1 0.0 0.201 11 0.06
Ignitlon Timing, 1BTDC 67 4 1 11046 15t 2!2 15 10 12 114

Intake Manifold Vacuum, in. Hg 9.11 8.T 8.8i 8.9 8.4 1 8.6j 15.6" 15.1, 15.3
Fuel Flow, ib/hr ---. ---.. ......---- -
Crak cas Press, in. H2  0.1 0.8 0 10.6 0.9190 0.01 02 10 0.3_

Gas Co, % 4.801 0.07o.731 0.521 0.07 6.801. o 6.01 0.40

Analysisl NOx, ppm --M Iys2t 2080l/2080r 2080 I I t==II

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L

SwRI NO. LO-34461

DATE 06-12-87

TEST NO. 31-10-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 248

FUEL M-85 Tank 0 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillihs "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil
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SEQUEquCE V-D

OPERATIONAL SUM4ARY

TEST NUMBER DATE COMPLETED
31-10-237-814-3 106-13-87

ULILNT UIL 7OL SwRI OIL CODE
AL-15427-L i LO-34461

~STAGE I STAGE II STAGE III

I MAX I MIN AVG 11MAX MIN AVG! MAX MN AVG

Speed. rpm 2512- 21494 2503 25081 21498 25031' 7481 733] 7141

Load, bhp 33.81 33.5 33.61 37133.2 33.511 1J 1.0] 1.2

oil [Coler into engine, IF 1771 173 175 8 61 J161 .86] 121 119] 0
Engine .aT(0ut-In), IF z 0 1 14 21 3

!Pump Gallery, psi 60.21 58.91 59.6 58.41 57.31 58.0! 56.01 55-01 55.2.

Engine Gallery, psi -56.8 53.11 54.1 52,51 51.2 1 52.0 52.51 50.81 51.7!

Ia (Pump-Engine,, psi 6.61 5.01 5.8I1 6.21 5.91 6. 011 4.61 3.o 3. 7

,Cyl. Head Gallery, psi 5i 3.8 50.5 52-.311 51-.11 9.o1 50.011 51.5i 49.01 50.31

JsP (Engine-Head), psi !1 '5 O. 1 .711 3.01 0.31 _. 71 3.01 0.1 2,

Cooling, mi I 1 1 1 t 61 121 1-- '

Water:Jacket Outlet, IF 1361 133 134 155 151: 122 120 121.

AT (Out-In), IF 141 13 - 141 12 13-1 12 13
_______ •__ I 13 1" 11 "1 13! - 12 13

Flow, gpm 15.1; 14.8 14 .91 15.01 14.814.9,2-00-I =2=
Blowby Heat Exch., IF 10 2 1I T 118 1 47j 11811 113 114.

IMarine Manifold, IF 152' 11471 1491 1701 166 1681. 1331 132 132:
Carb. tTerperature, 4F i 2 ____ 8lt 811 801 80!1 8 79 8o

___81 78 811_ -980

Air 'Humidity, grains/lb 88.2 79.2 80.111 79.-2 79.2 79.2! 79.21 79. 79.2;

!Pressure, in. HO 0 0.18 0.20. 0.20 o.18 o.19il o.L4 o.Z 0.2,
____ ___"---___----___'-- --I+". 0 . ! . 24 0.22--- . 2..

Blowby Temperature, "F112 1 12 1.3---
Blowby Rate, 126127 81141144 141 j12 13

Recm1 .921 1.83 1.8 22 =1

Crankcase Pressure, in. H20 0.9B1 0.70 0.50 o. ,0 1.01 0.10 0.601

Ignition Timing, oBTDC 46 46 46 1 _=12=I 1 10 10 101

Intake Manifold Vacuum, in. Hg I 9.2 8.7-9"0I 9.0! 8.9 . 1. 1.8 -15..

Fuel Flow, lb/hr _ _._,--- --- --- ------
Exhaust Back Press., in. H2 078 1.31 1.6 I0.0 . .8 .1 o.1,

I i i !LL~- 1 -_- i _ __

Exhaust 02, % 11 1.20! 0.97 1.08' 1.10! 093 1.041 0.146! 0.30 0.318!

Gas C,% !j 0.1491 0.15!, 0.36 0.53! 0.211 0.36j 7.001 6.50 6.-701
Analysis, NOx, ppm 22! o.-o. 21101 .. -i

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L

SwRI NO. LO-34579

DATE 06-18-87

TEST NO. 31-11-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 275

FUEL M-85 Tank 4 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Record extra temperatures and note Phase

- Oil Sumo

- Intake Manifold and 44 Runner

- Water Pump

(2) Take 2 ounce Oil Sample

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" oil
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SzqUENCz V-D

OPERATIONAL SUNMARY

TEST fUMIER DATE COMPLETED
31-11-237-84-3 06-20-87

ULILN UIL GUUE SWRI OIL CODE
AL-15610-L LO-34579

STAGE I STAGE II STAGE III

MAX N AVG MAX M I  AVG MAX A

Speed, rpm 2513 2'98 2506 2508 24911 2503 773 752 764

Load, bhp j33.8 29.7 33.21 33.8 33.6 33.7 1.31 0.1 0.8

Oil Cooler into engine, °F 176 173 175 187 185 186 1211 119 120

Engine AT(Out-In), F 7 2 - 5 2 3 3 0j2

Pu.mp Gallery, psi 614.81 614.0 614.3 62.8 62.0 62.14 599 59-01 59.6

Engine Gallery, psi 59.8 1 58.01 58.9 57.3 57.0 57.21 56.11 5-0.o 55.5

i&P (PUMP-Engine), pal. 6.01 5.01 5.141 5.6 5.0 5.31 5.0 3.5 4.01

Cyl. Head Gallery, psi 55.3 51..01 51-.8 53.7 51.9 52.71 52.01 50.0 51.1

,&P (Engine-Head), psi 5,7 3.0 .1 5.3J 3.14 4.1 0 6.01 4.4.

Cooling, min 2M10 W I j t 20~ 14 16-

Water Jacket Outlet, "F 135 133 13ki 155 151 151 121 119 120'

AT (Out-In), Or 15 13 14 114 12 13 13: 12 12.

Flow, gp.. 15.2 14.9 15.0 15.1 11.9 15.0 1211 11
Blowby Heat Exch., or 130 128 128 1148 146 1148 115 112 113

Marine Manifold, Or 151 149 150 169 168 169 133 130 132"

Carb. Temperature, Or 78 81 80 79 81 801 814 79 81
Air Humidity, grains/lb 179.2 79.2 79.2 79.2 79.2 79.21 79.2 79.2

Pressure, in. H,0 0.26 0.20 0.23 0.21 "0.22 0.23 0.26 0.24 0.25'

"lowby Ten1at1ure, or 129 127 128 1147 1145 146 114 111 1131
- -- - -I -4 -

llovby Rate, cfm 2.08 1.90 1.97 3 ! U lM IMI

Crankcase Pressure, in. HO 0.60 0.10 0.20 0.20 0.10 0.10 0.20 0.10 0.10

Ignition Timing, "STDC 146 46 146 S m N 10 10 10

Intake Manifold Vacuum, in. Hg 9.0 8.4 8.7 8.7 8.4 8.5 15.3 14.6 15.0!

Fuel Flow, lb/hr----------------------------- ---

Exhaust Back Press., in. H 20 10.9 8.14 10.2 11.6 10.8 11.1 0.7 0.1 0.5

Exhaust 02, % 1.161 1.01 1.10 1.09 1.00 1.06 0.441 0.07 0.27

Gas CO, % 0.60 0.34 0.50 0.55 0.39 0-50 6.901 6.20 6.60

Analysis NON, ppe J 2200 12M2=

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16156-L

SwRI NO. LO-33903

DATE 06-21-87

TEST NO. 31--12-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 202

FUEL M-85 Trank 4 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillios ...

FLUSH TIME 3 Hours

DISCUSSION

) Take 2 ounce Oil Sample

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" oil
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SEqUENCE V-D

OPERATIONAL SUMMARY

TEST NUIXER DATE COMPLETED
31-12-237-84-3 06-23-87

UL11mT OIL COiDi SwRI OIL CODE
AL- 16156 -L LO-33993

STAGE I STAGE II STAGE III

MAX MNl AVG AVG KA MIN AVG

Speed, rpm 2510 21498 2504 25091 2501 25051 759 752 756

Load, bhp 
33 . 71 33.3 33.-5 33.7 33.31 33.6 1.2 0.9 1.0

Oi1 Cooler into engine, IF 1771 1714 1751 1871 1861 1871 122 120 121.

Engine aT(out-In), OF 4! 0 2 3 01 21 6 2 4

Pump Gallery, psi 3 62.0 62.5 61.0 60.9 61.0 59.0 58.0 58-.41

Engine Gallery, psi 1157.6 57.01 57.2 55.0 ! 0155.411 55'41 54.6?

4P (Pump-Engine), pi 5. .0 5.31 6.01 5.04 .61 4 3.o1 3.8

Cyl. Head Gallery, psi 53.11 52.0! 52.51 51.01 50.0i 50.811 51.01 50.0$ 50.5

4P (Engine-Head), psi 15.51 4.01 4.71 5.11 14.01 4.51F 5.0$ 3.01 14.1

Cooling, min m ira m in11m n1$ 17 14 15

Water Jacket Outlet, IF 1361 134 135 1551 155 1551 122 119 120

&T (Out-In), IF - 141 3 11 13 12 131i  14 12 -13

Flow, gp $ 15.31 15.0 15.11 15.3 15.01 15. 1 ==22202,M M

,lowby Heat Exch., OF 130 1 128 129 1 149 1481 14811 115) 112 113

Marine Manifold, OF 153 1149 150 170 1691 170 133) 130 131
- - - -I

Carb. Temperature, °F 82$ 79 80 82 79) 81 85 80 83

Air IHumidity, gin l T9420 79.2 79.21 79.2 79.21 79.21 79.2 79.2 79.2

Pressure, in. HO 0.241 0.20 0.22 0.24 0.20 0.211 0.26 0.23 0.24

Blovby Temperature, or 1 1301 128 129$ 11471 1461 1146 , 115 112 113

Ilovby Rate, cfin 2.08$ 1.93 2.00 22M,----e 13SI$U2I

Crankcase Pressure, in. H420 0.20 0.10 0.10 0.20 0.101 0.1011 0.20 0.10 0.10

Ignition Timing, ,BTDC o46 o46 46 h1h= 222 10 10 10
Intake Manifold Vacuum, in. Ng 8.8 8,3 8.6 8. 8. 8.51, 15.3 1.7 15.0

Fuel Fl o, lb/hr --- __ -- - - - - -- - -Exhaust Back Press., in. H20 11.8 9.2 10.8 11.5 9.310. 0.8 0.0 0.3

exhaust 02, % 1.15$ 1.00 1.06 1.o5l 0.96 1.02 0.34 0.25 0.27

Gas CO, % 0.59 1 0.33 0.414 0.501 0.1&31 0.471 6.50 6.30 6.,40

Anal sis N0X, ppi' 1020120 0=i 2730 fl2 O0 22

Southwe49 Rerch Institute
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-34026

DATE 06-23-87

TEST NO. 31-13-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 329

FUEL M-85 Tank 1 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhi!ips "r"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Samole:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" oil
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SEqUENCE V-D

OPERATIONAL SUMMARY

TEST NBER 3113DATE COMPLETED31-1-2378 -306-25-87

T UL CODE SRI OIL CODE
AL-16155-L LO-34026

STAGE I STAGE I STAGE III

MAX I Ml AVG MAX I NIN AVG MAX NINI AVG

Speed, rpm 25101 2494' 2502 2503 2498 2500 763 7148 755

Load, bhp 33.8j 33.3 33.6 33.8 33.3 33.5 1.4 0.7 1.1

Oil Cooler into engine, OF 177 173 175 187 185 186 121 118 120:

Engine &T(Out-In), OF 3 1 2 4 2 2 6 3 4.

Pump Gallery, psi 63.2 62.0 62.5 61.0 60.6 60.9 59.0 58.7 58.9

Engine Gallery, psi 58.0 56.0 57.2 56.0 55.0 55.2 55.5 511.0 511.8'

aP (Pump-Engine), psi 6.0 4.0 5.2 6.0j 5.0 5.7 5.0 3.3 4.11

Cyl. Head Gallery, psi 514.5 53.01 53.6 52.2 51.0 51.5 52.5 50.0 51.41IAP (Engine-Head), psi 5.0 2.1 3.61 4.1 2.9 3.6 4.3 2.7 3.46

Cooling, min swas is mt2tt2 16 13 151

Water i Jacket Outlet, OF 135 133 134 155 154 151 122 118 120

aT (Out-In), 'F 14 13 14 114 13 131 4 12 13

Flow, gpm 15.3 15.1 15.2 15.2 1_.9 15.1____

Blowby Heat Exch., Or 130 127 129, 149 1147 1148 115 112 113

Marine Manifold, oF 150 148 150 1701 168 169 134 129 132'

Carb. Temperature, oF 81 80 801 811 79 80 85 80 83:

Air Humidity, grainsilb 79.2 79.2 79.21 79.2 79.2 79.2 7.2 7-.2 79-.2

Pressure, in. H20 0.21 0.20 0.22 0.24 0.22 0.231 0.26 0.23 0.24.

Blovby Temperature, oF 1301 127 129 148 145 147 115 111 113

Blowby Rat, cfm 2.04 1.91 1.96 0=0m 0=001

Crankcase Pressure, in. H20 0.140 0.10 0.10 0.140 0.10 0.20 1.00 0.10 0.30'

Ignition Timing, 'RTDC 46 46 46 1 1 m 10 10 10:

Intake Manifold Vacuum, in. Hg 8.8 8.7 8.7 8.8 8.5 8.7 15.2 14.8 15.0.

Fuel Flow, lb/hr .-.. .--- -- --- --- ------.

Exhaust Back Press., in. H20 11.5 10.1 10.8 11.21 9.2 10.0 0.6 0.0 0.2'

Exhaust 02, % 1.06 0.92 1.01 1.01 0.93 0.99 0.46 0.40 0.42

Gas CO, % 0.51 0.28 0.38 0.50 0.25 0.38 6.90 6.40 6.60,

Analysis NOx, pp2 Isms1= 2450j 2210 2330 ro 2l

Southwest Reseprch Institute
Testing LAboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14965-L

SwRI NO. LO-34460

DATE 07-14-87

TEST NO. 31-14-237-84-3

ENGINE NO. 237

TOTAL ENG HRS _56

FUEL M-85 Tank 4 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

STake 2 ounce Oil Saple:

- rnd nF candidate flush ("0" hour)

- 8. 16. 20. 24 hours

- "'New" Oil
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SEqUENCE V-D

OPERATIONAL SUMMARY

TEST NUMBER DATE COMPLETED
31-14-237-84-3 07-15-87

CLIENT ujL CODE SvRI OIL CODE
AL-14965L LO-34460

STAGE I STAGE II STAGE III

INj, AVG MAX MIN I AVG 4AXI MIN AVG f
Speed, rpm 25091 21493$ 25031 2510 214981 25071 721 75517591

Load, bhp 33.71 33.01 33.3 33.8 33.1 33.4i 1.0 0.9 1.01

Oil Cooler into engine, °F 1 1771 174 175 188 186 1871 1221 119 1211

Engine &T(O t-Irf, F i 71 31 5 81 '$ 5 71 31 51

Pump Gallery, psi $ 67.2! 66.01 66.61 65.1$ 6-.7 64.91 60.81 60.0 60.3

Engine Gallery, psi 1 61.41 60.OJ 61.01 60.01 59.01 59.3 57.21 55.01 56.1

tP "Pump-Engine), psi I 6.11 5.01 5.61 6.0$ 5.01 5.61 5.01 3-41 4.2

iCyl. Head Gallery, psi 57.41 55.01 56.31 58.81 5.01 55.311 52.01 50.01 51 1

AP (Engine-Read), psi 1 6.I. 4.2 5.O 6.01 0.3$ 4-11 6.61 4.01 5.2

Cooling, min $ II i nI 1 intinil i 151 131 114

WateriJacket Outlet, IF !1 1351 1341 135j 1561 151_ 1551 1221 1191 121

AT (Out-In), IF 1141 131 14 13$ 13 131 11 11 121

Flow, gpm 15.3, 14.91 15.2$ 15.31 14 - 15.0 " I13 "-

Blowby Heat Exch., OF 1301 1281 129 150 148 1491 115$ 1131 114

Marine manifold, *F 1SO,  149 150 171 169 170 131 1321 133

Carb. Temperature, OF 811 80 811 81 801 811 821 801 81
Air jHumidity, grains/lb 79.21 79.2 79.21 79.21 79.2$ 79.21 79.21 79.21 79.2

iresuein HO 4 - -

_Pressure, in. H0 !_ 0.22$ 0.20$ 0.221' 0.221 0.20$ 0.211 0.261 0.24 0.25

Blowby Temperature, 'TF 13011 1271 129 1 114,8 145 1146 1 1151 112 114

Blowby Rate, cfm 2.151 1.92 2.08 1 11I 1 1tm 21 I I1

Crwikcase Pressure, in. HzO IO.ol 0.101 0.501 0.801 0 . 0 1.20 0.20 0.80

Ignition Timing, °BTDC =4 6 46 4 61 1 $ I 1 10 10 10

intake Manifold Vacuum, in. Hg 1 8.61 7.91 8. 1 8.7 8.3$ 8.5 114.7i 1.5 14.6

Fuel Flow, lb/hr --- .

Exhaust Back Press., in. H2 0 11t9.3$ 10.1 10.8 9.8$ 10.1 1.1$ 0.14$ 0.91

Exhaust 02, % I1.1401 1.06 1.201 1.34$ 1.00$ 1.161 0.54$ 0.161 0.26

Gas CO, % 0.95 0.10 0.7111 0.971 0.7$ 0.7211 6.901 6.301 6.50

Analysis NOx, ppm J UIsin ij 23001 23001 2300 lm in

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L

SwRI NO. LO-34579

DATE 07-16-87

TEST NO. 31-15-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 383

FUEL M-85 Tank # 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhillis "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candiate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil
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SEQUENCE V-D

OPERATIONAL SIMMY

TEST NUMBER 3 DATE COMPLETED31-15-237-84-3 o?0-17-87

CLIMT OIL CODE SwRI OIL CODE
AL-i 56 10-L LO-34579

A I STAGE 11 STAGE III

J.A I N AVG MAX MIN AVG MAX INu AVG
-2513 2496 250611 2514 25051 25081 768 755 7621

Load, bhp3373333513. 33435 1. 1. 11 ;

Oil lCooler into engine, OF 1771 175 176 187 186 1861 122 120 121

Engine aT(Out-In, IF 7

LP'p Gallery, psi 1 65.0I 614.o 614.61 63.1 63.0 63.311 59-8 59.0 59.5
Engine Gallery, psi 59.21 59.01 59.01 57.1 57.0 57.1 565.1 54.01 55.1

P (Pump-Engine), psi 6.91 5.oJ 6.0 6-. 6.0 6. 1o 5.01 3.21 3.9

Cyl. Head Gallery, psi 57.41, 56.01 56.8 55. 0 5-.01 514.61 5".01 53.11 53.61

Cooling, min 1 111 11 i

WateriJacket Outlet, IF -136 1314 131 1551 1514 11551 1221 120J 121.

AT (Out-In), IF 114 13 11 141 131 13 114 11 121

Flov, gpi, 15.2 15.0 15.11 15.2L 15.0 15.1 1ni, 1iin

Blowby Heat Exch., 'F 1301 1281 1291 11481 1471 1481 115f 113 114

Marine Manifold, Or 1501 147 14911 1701 1681 1691 1341 1311 132

Carb. Temperature, or 81 781 80 821 781 80i 831 801 821
Air Humidity, grains/lb 79.21 79.21 79.211 79.-I 79.21 79.21 79.21 79.21 79.21

Pressure, in. H20 0.22$ 0.201 o.21 0.22J 0.20 0.21 0.261 0.24 0.25

Blovby Temperature, OF 130i 128 129 11471 1461 114611 1141 113 113

Slovby Rate, cfm I2.371 2.131 2.21 mi mi-i
Crankcase Pressure, in. H20 1.001 0.10 0.60 0.80 0.11 o.5o 1.20 0.10 0.60

Ignition Timing, OBTDC 46 ,46 146 iIInlu'il i 10 10 10

Intake Manifold Vacuum, in. Hg 9.01 8.6 8.8 8.9 8.6 8.8 15.2 14.6 114.9

Fuel Flow, lb/hr --- I ... ... ... ... ... .

Exhlaust Back Press., in. H20 11.7j 10.51 11.10 11.4 10.31 11.0j 3.01 1.14 1.9Exhust.02, % 1 1171 0.9 1.051 1.19 0.8 1.0 0.40 0.15 o 0.22o
Gas CO, % 10.85i0.60 0.7410.81 0.70 0.7516.9o6.4o6.70

Analysis NOx, ppm immim 'nn 20001 2000 2000 m i smicam

Southveu Research Institute
Tyelfirg Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14966-L

SwRI NO. LO-35235

DATE 07-24-87

TEST NO. 31-16-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 410

FUEL M-85 Tank z 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhillis "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil
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SEQUENCE V-D

OPERATIONAL SUMMART

TEST NUM'BER DATE COMPLETED
31-16-237-84-3 07-26-87

CLIENT OIL CODE SwRI OIL CODE
AL-14966-L L0-35235

STAGE I STAGE II STAGE III

MAXIMIN I AVGL MAX IMN AVG M4AX _MIN AVG
Speed, rpm 25101 24971 25021! 25061 25001 250411 763 756 760

Loa, bhp 1 33.81 33.2 33.51 33.81 33.111 33.61 1.1 0.9 1.0

Oil Cooler into engine, OF 1771 173 1761 1881 186 1871 121 118, 120

Engine AT(Otlt-In), IF -j 4 61 7 4Z-6 1 71 31 5
Pump Gallery, psi 66.61 66.31 66.411 65.01 64.61 64.7 60.7 60.1 60.1

Engine Gallery, psi 60.91 60.61 60.71 59.21, 58.81 58.911 56.6 55.4I 55.8
!P (Pump-Engine), psi 5.81 5.61 5.71 5.91 5.71 5.81 5.3 3.9$ .6

Cyl. Head Gallery, psi 60.21 59.01 59. 6 j 58.21 56.81 57.61 55.8$ 54.71 55-4

&P (Engine-Head), psi I1.7 0.6 1.11 2.21 1.0$ 1.1, 1 .9 0.2 0.6

Cooling, min 1211111211 Oni o=I 151 121 14

WatertJacket Outlet, °F 136 133 1351 155 154 151 120 1221 121

&T (Out-In), F 14 131 13 131 12 131 13 11 12

Flow, gpin I 15.2 15.0 15.11 15.5 14.7 15.1

Blovwby Heat Exch., IF 1301 127 129! 1491 147 1481 116 1131 114

Marine Manifold, ,r I 1521 148 150 171 169 170 134 113 129

Carb. Temperature, °F 81 78 801 81 79 801 811 791 8O

Air Humidity, grains/lb 1 79.2$ 79.2 79.2 79.21 79.2 79.211 79.21 79.2$ 79.2

Pressure, in. H2O 0.18$ O.17 0.18 0.181 0.141 0.1611 0.21 0.20$ 0.22

Blowby Temperature, 'F I 130$ 128 129 171 115 14.61 115$ 112 114

Blovby Rate, cfm 2.16 1.93 2.07 $11 n31in1 iniii
Crankcase Pressure, in. H20 0.60 0.10 0.201 0.401 0.10 0.30 1.10! 0.10 0.30

Ignition Timing, OBTDC 46 46 46 *..1 in $ 1 1 10 10

Intake Manifold Vacuum, in. Hg 9.01 8.4 8.6 8.8i 8.6 8.7 15.5 15.0 15.2

Fuel Flow, lb/hr --- - ---.--- ------ .---

Exhaust Back Press., in. HO 11.6 9.81 10.8 11.8 10.0 10.8 1.9 0.1 1.2

Exhaust 02, % 1.16$ 1.01 1.091 1.12 0.93 1.02! 0.23 0.11 0.18

Gas CO, % 0.79 1 .6 41 0.71 0.821 0.70 0.76 6.60 6.20 6. 10

Analysis NOx, pp 1021111111 20101 2010 2010 1 i1

Southwest Research Institute
Testing Laboratory

61



7 I

iii

6- [

" I I I

IiI

i L

~ 2:

• a . 7,7

- u- I7..~~I

-~ ' I ____62



WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-34369

DATE 07-26-87

TEST NO. 31-17-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 437

FUEL M-85 Tank i 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil
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SEQUENCE V-D

OPERATIONAL SUMMARY

TEST NUMBER DATE COMPLETED
31-17-237-84-3 07-28-87

CLIENT OIL CODE SwRI OIL CODE
AL- 16 15 5 -L LO-34369

STAGE I STAGE 11 STAGE III

MAX MIN AVG MAX IMIN AVG M4AX 1 MINX AVG

Speed, rpm 2511. 25011 25051 25121 2501 25071 7631 7521 756

Load, bhp 3-13. 3613-13-13-1 .108 .

Oil Cooler into engine, IF 17 171 15 1871 1861 1871 120 1191 120

Engine ,T(Out-In, oF 21 31 1 31 5 41 5

Pump Gallery, psi 63.81 62.9$ 63.5 61.8 61.01 61.51 59.61 58,.1 59.1

Engine Gallery, psi 5T.81 57.01 57-.5 55.71 55.0$ 55.$ 55.14$ 54.0 55.0

%P (Pump-Engine), psi I 6.2) 5.7$ 6.0 6.21 6.01 6.11 5.0 3.51 4.2

Cyl. Read Gallery, psi j( 56.61 56.01 56.1 514.1 53.91 514.1 514.8) 54.01 54.5

4P (Engine-Head), psi 1.31 0.10 1.1 1.6$ 1.0 1.21! 1 .t4 0.1 0.7

WateriJacket outlet, or 136$ 131 1351 5 5 156$ 1221 119 120C

Flow, ___________ gIr 15.3$ 15.0$ 15.1 15.0$ 114.9$ 50 is Wo mIl=
Blowby Heat Exch., OF 2.8 21 129 150 1149 150$ 116$J 1.1 14

Mnarine Manifold, . 1501 150t 1501 1711 169 1 170 1 1331 1291 131

Carb. iTemperature, IF 81$ 801 80$ 81$ 791 801 81J 9 80

Air lHumidity, grains/lb792 79.21 79.2$ 79-2 92 9217.17.179 .2

Igntin Tmig, BTc 9 .2$ 792$0 79.2$ 0.2 79.2$ 0.

E Pressure, in. H 2  0 0.18 0.1 1 0.17 0.18$ 0.11 0.17 0.24 01i 0.23
Bloby Temperature, Or 130 1281  129 129 149 3 140 81158 1 2 113
Blovby Rate, cfm 2.1481 2.08$ 2.26 9 Int CminieffsI Iam

Crankcase Pressure, in. H20 1.00 0.30$ 0.80 0.90 0.60 1.30 0.801 1.00Ignition ____________ 146ing 46] 46 6 ==I 101 101 10

Intake Manifold Vacuumn, in. Hg 119.11 8.8$ 8. 9.01 8.8 8.8 15.7$ 15.51 15.6

Fuel F lh,- --- --- -----
Exhaust Back Press., in. H2 0 11.0$ 9.11 10.21 12.01 9.61 10.51 1.0{ 0.6 0.81

Exhaust 02, % I1.18$ 0.96 1.08l 1.16]1 0.93 1.02j 0.601 0.22 0.361

Ga O,%0.961 0.70 0.811 0.87$ 0.70 0.801 6.70$ 6.140 6.60

Analysis OX, pp I

Southwest Research Institute
Testing Laboratory

64



III 111111
Eu I'

_____ I _____

I! ~~ *tII

~ z Ii
0 II

~
U

3 Eu

z

N

~., I I i I ______

- ~ -

~ V V I V __

r~ - -4 , ~'J
Z

* -

- -f I

V

1<

____ *< ____

~iIiDifii~!-~ -. - - -

- - - - - - - -

U V V V -III I~I
- - n~i

- w
- -.-. *-.-~-.-~-.

~zi.~j I

' I
o 2 ~ -S I

2

65



WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-14966-L

SwRI NO. LO-35235

DATE 07-31-87

TEST NO. 31-18-237-84-3

ENGINE NO. 237

TOTAL ENG HRS 464

FUEL M-85 Tank 4 105

TEST HOURS 24

FLUSH OIL Lo-12119

FLUSH OIL FUEL Phillims "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8. 16, 20, 24 hours

- "New" Oil
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SEQUENCE V-D

OPERATIONAL SUMMARY

TEST NUMBER DATE COMPLETED
31-18-237-84-3 07-31-87

ULJ14S.LT OL DE SwRI OIL CODE
AL-14966-L LO-35235

STAGE I STAGE II STAGE III

4AXI IN AVG MAX MINI AVG MAX MIN AVG

Speed, rpm 2512 t 25
8  2509 2525 2509 2513 766 751 75!

Load, bhp 3 3 .71 33.1 33.1 33.71 33.4 33 . 1.0 0.8 1.C

0O2. Cooler into engine, oF 1771 175 171 1891 15 1871 1221 119 121

Engine aT(Out-In), IF 71 4 7 1 6$ 61 4

Pump Gallery, psi 66.61 66.0 66.j 65.21 64.0 64.71 60.51 60.0 60.2

Engine Gallery, psi 60.9 60.0 60.6 59.41 58.7[ 59.01 56.6! 55.o 56.o

AP (Pump-Engine), psi 6 5. 6 6.0 6.31 5.01 5. 811 6.0 14.1 14.8
Cyl. H Gallery, psi 59.91 58.O 59141 57.7 57.O 57-1j 56.01 514.0 55.2

.sP (Engine-Head), psi 2.0 0.71 1.31 2.141 1.11 1.811 1 .i 0.0 0.8

Cooling, min m 01 1 v C N 22Mq M 151 131 14

Wateri Jacket Outlet, OF 135 1331 134 155 155 1551 1221 119 120

&T (Out-In), 1F 1I 13 131 11 12 13 131 111 12

Flow, gpm 15.3 14.9 15.11 15.21 14.8 15.0 =I I

IBlowby Heat Exch., 'F 130 128 1291 149 148 1149 116$ 112r 114
Marine Manifold, oF 150f 149 1501 1711 169 170 1142$ 1301 133

Carb.lTemperature, r 1 821 79 81 821 80 81 831 801 91
Air Humidity, grains/lb 79.2' 79.2 79.2 79.2 79.2 79.2 79.21 79.21 79.2

Pressure, in. H20 I0.18 0.17~ 0.171$ 0.18 0.1 5 0.171 0.241 0.221 0.23

Blowby Temperature, IF 11301 128J 12911j 1149 11471 1148! 115j 1121 1

Blowby Rate, cfm 2.181 2.05 2.1142I 0= 2= =112 am I
CrankcaL- Pressure, in. H20 0.80 0.20 0.401 0.140 0.20 0.301 1.10 1.00 1.00

Ignition Timing, 'BTDC 46$ 46 46 jffml 22= M l 10 10 10.

Intake Manifold Vacuum, in. Hg 8.9 8.1 8.6 8.8 8.5 8.61 15.21 15.1 15.2

Fuel Flow, lb/hr

Exhaust Back Press., in. H2 O 11.7 10.0 10.7 11.7 8.6 10.31 1.11 0.1 0.7
Exhaust 02, % 1.18 1.00 1. 0 1.05 0.95 1 0.650 0.191 0.146

Gas CO, % 11 0.971 0.01 0.871 0.95 0.80 0.85$, 6.701 6.201 6.40.

Analysis NOX, ppm I1- . .. 2350W I Is!=

Southwest Research Institute
Testing Laboratory
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APPENDIX B

Individual Summary Data Sheets for Each
Test Conducted Using the Steady-State

(Cold) Test Conditions

69



WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-34369

DATE 08-26-87

TEST NO. 31-01-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 5

FUEL Phillips "J"

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUELPhillips "J"

FLUSH TIME 5 Hours*

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

*Includes 2-hour V-D break-in and coolant flush.
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SEQUENCE V-D

OPERATIONAL SUMMARY

TEST NUMBER DATE COMPLETED
31-01-10-85-3 J 08-27-87

CLIENT OIL CODE SwRI OIL CODE
AL-16155-L I LO-34369

STAGE I STAGE II 7 STAGE III

I M1AX JI MIN IAVG 1i _L i M I IAG JII MAX !I MIN I AVG
Speed, rpm 2511! 25011 250511 2513! 25061 2509i! 756! 747! 752

Load, bhp 1 33.81 33.21 3351 39 33-31 33.611 1.4! 1.21 1.3
Oil Cooler into engine, OF 1 i761 1731 17511 1871 1861 18611 1321 1181 121

Engine &T(Out-Inl, OF )41 21 31! 3! 21 211 11 01 0

Pump Gallery, psi !1 61.51 58.01 59.21! 57.51 56.01 56-.71 58.81 57.0! 58.21

Engine Gallery, psi 1I 54.01 50.01 51.611 51.01 48.01 49.111 54.01 52.01 53.11

1P (Pump-Engine), psi 1I 8.31 6.51 7.6i 8.1j 6.51 7.511 5.71 4.51 5.2
,Cyl. Head Gallery, psi 11 51.41 48.01 48.9) 47.01 45.0( 45.91( 52.01 42.01 49.61

SP (Engine-Head), psi L 4.0! 2.0( 2.711 4.01 3.01 3.511 3.51 1.21 2.01

lCooling, min iImmlIlEWl E I rllll llRI mm" IlAMll 151 121 141

WateriJacket Outlet, IF 1 1351 1331 134!! 1561 1551 15611 1221 1181 114

6T (Out-In), IF ij 15! 14J 15!! 151 13! 1,41! 15! 91 12
Flow, gpm 11 15-3) 14.81 15.0)! 15.2! 14.8! I

lowby Heat Exch., 'F I13 1! 1281 13011 152) 1501 15111 1191 1021 113

!Marine Manifold, 'F I 150 147! 49i1t 1711 1691 17011 1371 121) 131'

Carb. Temperature, 'F I) 81! 78! 80i 81! 791 8011 86! Oil 82

Air lHumidity, grains/lb I 79.21 79.21 79.211 79.21 79.21 79.211 79.21 79.21 79.21

Pressure, in. H,0 lj 0.261 0.221 0.2411 0.261 0.201 0.2 4! 0.281 0.231 0.26

Blowby Temperature, IF !1 1331 130) 13211 1521 150! 15111 118) 102! 112

Blowby Rate, cfm i 2.33i 2.031 2.15jjA fI 1ilrnm I I I

Crankcase Pressure, in. H20 0.031i 0.01 0.02 02 0.01 0.01! 0.091 0.011 0.04

Ignition Timing, °BTDC j 461 461 6qSIMIU3IUEInlllllllIllll 101 101 10

Intake Manifold Vacuum, in. Hg 1 8.81 8.2) 8.6! 8.7! 8.21 8.5 15.71 15.-1) 15.5Ful lwl/h --- ) l ---I ---I .... --- ' ---I -Fuel Flow, iblhr -- -+ ,

Exhaust Back Press., in. H0 1o 11.21 9.31 10.3!! 10.7 10.0) 10.411 1.1) 0.1! 0.7

Exhaust 1 02, ,I 1.16) 0.961 1.05! 1.10! 0.95) 1.0211 0.52! 0.43 0.48

Gas CO, % ! 0. 431 0.28) 0.36!I 0.401 0.331 0.36! 4.01 3.21 3.6

Analysis NOx, ppm iIMEiMl1321U n 1 ---- I ---.1 3560 l lrl In l1" I lA

Southwest Research Institute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-35822

DATE 09-15-87

TEST NO. 31-02A-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 62

FUEL M-85 Tank i 105

TEST HOURS 24

FLUSH OIL LO-121.9

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(Il Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

(2) Note test conditions are "steady state"
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OPERATICNAL SUMMARY

Client Oil Code: AL-16155-L Test Number: 31-02A-10-85-3

Laboratory Oil Code: L0-35822 Date Completed: 09-16-87

Maximum _Minimum Averaae 1
Speed, r=m 2506 2497 2502

Load, bh 23.7 33.2 33.5

Cooler into Enaine, 'F 126 123 125

Engine T (-Out-In), '7 18 395

F Pmlid Gallere, Gsi 71.3 69.0 -9.7

Enaine Ge-erd, 01 64.0 2.5 2.0Oil

I cs .
Iyind;er -ead Gailery, Ps11 60,8 58.0 -9.8

-AiP (Enaine-Head) , Lel 4.0 i 2.5 ].0

I Cooling, minutes I///////// ///////// /////!

Jacket Outlet, OF 161 13 115

oT (out-n), 0 o 8 9

Water Flow, acm J 15.2 15.0 '5. I

Blowbv Heat Exchanaer, OF 113 1 07 111

Marine Manifold, OF 93 86 C0 I
-- I 82I8 Il

Carburetor Temnerature, 82 80 81

i Humiditv. =rai.ns/lb 79.2 -. 2Air I
I_____ Pressure, In. H,O ').26 21 2

Blowbv Temperature, OF 18 1.08 '131

Blowby Rate, cfm 2.10 2.02 2.07

Crankcase Pressure, in. :-'O 5,0+ 1.8 -..5+ 1

ignition Timino, OBTDC 46 46 46

Intake Manifold Vacuum, In. Ha j 9.3 I 8.6 3.9 I

Fuel Flow, ibs/hr --- I ......__

Exhaust Back Pressure, .n. H'O '0.6 1 5 '.71

Exhaust I O,, _00 0,52 1.7'7

Gas CO, I.-3 >60 .. 73

Analysis oom I p6fl

Southwest Research :nstitute
Testing Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L

SwRI NO. LO-34461

DATE 09-17-87

TEST NO. 31-03-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 89

FUEL M-85 Tank £ 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

(2) Note test conditions are "steady state"
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OPERATIONAL SUMMARY

Client Oil Code: AL-15427-t. Test Number: 31-03-10-85-3

Laboratory Oil Code: '0-34461 Date Completed: 09-18-87

Maximum Minimum I Averace
Speed, rtr 2508 2496 2502

Load, th 33.7 33.4 33.6

I Cooler into Enaine, o2' 126 124 126

Enaine I' T7ut-2n), o2 14 11 12

oallerv, ,si '69.6 E6.9 ;;8.7

Enaine 'sailerv,, zsi 62. 0 : 05 6.6
.7.9 .3 -.

7-...ner :-ad 'allerv, csir 32.0 16.4 : 4

LP (Enalne-;ead) , 7si 4.5 1.8 3.4

Coolina, minutes /////////_/////////_////////

Jacket Cutlet, 0 116 114 115

T_(_ut-_1n),1 9 10
Water Fl c o" 18.2 15.0 15.4

Blowby Heat Exchancer, 07 112 109 110

Marine Manifold, o 90 83 87
STenertur, o 8 73 20

Carburetor i -_
Humidity, arains/ib I 79.2 79.2 79.2

Air 19. 7927I

Pressure, in. HO 0.24 0.22 0.24

Blowbv Temcerature, -I 113 '_10

Blowbv Rate, c fn 2.12 2.02 2.09

Crankcase Pressure, . 0 I 1.80 0.19 1.28

lanition Timina, 12TDC I 46 46 46

Intake Manifold Vacu,=. in. Ha 9.2 8.8 3.0

Fuel Flow, lbs/hr I

Exhaust 2ack Pressure, in. H'O 11.0 9.9 -2.4

Exhaust 7', 4 1.15 I .46 3.91

7;as .75I -, [ .43

_3uth'^est tesearc: :-. tt
.estino Lzoratrv



I I ____ I ____ ____
1~ ~1~--~

- -~ 11111
U2 11111

IIJ,,
III',

I____ ____ ____

- ~---.---.-.---.-.-.-.-.-.-.---.-.-~
z

Hi ___

____ ___________ I ;i~z~z~

____ ___________

'I _________9 -7 I I
- I

2 ~ 2 j _________

2: ___________
I I

'T TI? - -

z I I

7

C., ____________

I - -II~~JI~-~ C~~I

L.~ ~ - ___________________ _________

~< ~J I I

_______________ ___ II __

I _____

I I

312

.D~ ~ -
~ d -



WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L

SwRI NO. LO-34579

DATE 09-20-87

TEST NO. 31-04-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 116

FUEL M-85 Tank - 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillios "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Samolez

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

(2) Note test conditions are "steady state"
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OPERATIONAL SUMMARY

Client Oil Code: AL-15610-L Test Number: 31-04-10-85-3

Laboratory Oil Code: Lc-34579 Date Completed: 09-21-87

Maximum Minimum Averaae

Speed, rzm F27508 2498i 2502

Load, bho _ 33.7 33.2 i 33.5

Cooler into Enaine, OF 127 724 126
Encine -T (Cut-in), OF 21 18 19

Pump Gallery, =si 72.6 70.5 71.2

Encine Gallery, psi 65.1 64.0 4.9Oil

Ip (PumD-Encine) , zsi 8.0 5 .5 7.3
Cvlinder Head Gallery, psil 59.8 58.0 59.0

6P (Enaine-Head) , csi _ 7.0 _ 5.0 5.9

Coolina, minutes ///////////////////////

Jacket Outlet, OF 116 I 113 115

IT (Out-in) ,1'12 - 9 1

W4ater Flow, gFm 15.4 14.8 15.0

Blowby Heat Exchanoer, OF 113 107 110

Marine Manifold, OF 92 87 89

Carburetor ceratre o I 7
[ Humidity, zrains/lb I 79.2 79.2 79.2
A Pressure, in. HoO 0.26 0.22 2.24

Blowbv Temperature, OF 115 !10 112 

Blowbv Rate, cfm 2.29 1 1.95 2.10

Crankcase Pressure, in. HiO 5.00 0.08 2.40

Ignition TLmina, OBTDC 46 46 46

Intake Manifold Vacuum, in. Ha 8.8 8.4 9.6

Fuel F!ow, Ibs/hr I --- __ ......

Exhaust Back Pressure, In. HO 11.6 1 . 12.3

Exhaust O', % 1.19 0.96 ".D9

-as 00, 2.51 0.31 .42

Analv sis . mO*, nn i I __00

Southwest Pesearch Institute

7estina Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SWRI NO. LO-34369

DATE 09-22-87

TEST NO. 31-05-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 143

FUEL M-85 Tank i 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(11 Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8. 16. 20, 24 hours

- "New" Oil

(2) Note test conditions are "steady state"



OPERATIONAL SUMMARY

Client Oil Code: AL-16155-L Test Number: 31-05-10-85-3

Laboratory Oil Code: LO-35822 Date Completed: 09-23-87

Maximum Minimum Averaae 1
Soeed, rrm 2509 2500 2504

Load, bh 33.7 33.2 I 33.5
Cooler into Enaine, oF 126 123 125

Enaine AT (Cut-In) , OF 18 14 '6

Pump Gallery, rsi 71.0 68.8 70.1

oil CEnaine Gallery, zs. '3.5 -2.9

A P (Pu,.m-Encine) , csi 3.5 5.9 -.

Cylinder Head Gallery, csi r1.6 59.2 '0.8

AP (Enaine-Head), zsi 3.8 1.9 I 2.3

Coolina, minutes //////_///// _/////

Jacket Outlet, o'F :16 114 116

AT (Out-In), OF 10 i 9
Water Flow, apm 15.3 15.0 15.1

Blowbv Heat Exchanaer, 'F 116 112 114

Marine Manifold, OF 93 85 99

Temperature, 81 78 30
Carburetor I72

I Humidity, arains/lb 79.2 79.2 2Ai Pressure, in. H O 0.24 0._'0 ).23

Blowbv Temperature, OF 113 109 I 1I

Blowby Rate, cf 2.29 1 2.02 2.10

Crankcase Pressure, in. HiO 2.2 I 0.6 1.4

lanition Timina, OSTDC 46 46 46

Intake Manifold Vacuum, in. Ha 9.2 9.8 ?.0

Fuel Flow, lbs/hr __ -,_..._

Exhaust Back Pressure, in. HO 11.5 9.7 10.6

Exhaust 0", 1 1.19 -. 00 1.06
,as, Co 32 0.14

alvs is Ox, n ... 950

Southwest Research I2stitute

.estina Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15427-L

SwRI NO. LO-34461

DATE 09-24-87

TEST NO. 31-06-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 170

FUEL M-85 Tank 4 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Sample:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

(2) Note test conditions are "steadv state"
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OPERATIONAL SUMMARY

Client Oil Code: AL-15427-L Test Number: 31-06-10-85-3

Laboratory Oil Code: "0-34461 Date Completed: 09-25-87

I Maximum Minimum Averaae

Speed, rzm J 2508 2500 2503

Load, bhm 33.8 33.3 33.6

Cooler into Enaine. OF 126 123 125

Enaine -AT (Out-In) ° 13 1-0 I

Pump Gallery, csi 68.6 66.0 67.5

EnCne Gallerv, csi 61.5 59.8 60.6,Oil I

IP (P,:-nclne), -si 3.0 5.8 6.9

Cvlinder Head Gallery, PsiI 57.7 56.0 57.1

-'P (Enaine-Head) , =si 4.1 2.5

Coolina, 7inutes /////////////// ////

Jacket Cutlet, OF 117 114 "15

Water 'T (Cut-In), OF 12 7

Flow, c 1 15.3 14.8 15.0

Blowbv Heat Exchanaer, *F 113 108 110

Marine Manifold, 07 90 85 Q7

I 'emnera-,:r- , 178I7
Carburetor e 81 78 79

Air Humidity, zrains/ib 79.2 79 .2 79.2

Pressure, :n. HO (0.24 0.21 ).23

Blowbv Temperature, 5 117 !09 "13 I
Blowbv Rate, cfrn 2.50 I 2.23 2.34

Crankcase Pressure, in. HiO 1 3.00 0.08 1.22 

Ignition Timina, 0BTDC 1 46 46 1 46 I
Intake Manifold Vacuum, in. Ha 9.2 8.8 -.0

Fuel Flow, lbs/hr - ___ __....

Exhaust Back Prcsure, in. HO 1.3 9.0 1

Exhaust o, '• 14 1.00 1.09
__ _ _ _ _ _ _ _ _ _ _ _ _ _ _0 I t 3

Gas CC, ? 0.46 -,4 .).3i

Analysis NOX, C=1 11 200

Southwest Research Institute

esting Laoratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-15610-L

SwRI NO. LO-34579

DATE 09-29-87

TEST NO. 31-07-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 197

FUEL M-85 Tank i 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Phillips "J"

FLUSH TIME 3 Hours

DISCUSSION

(i) Take 2 ounce Oil Sample

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

(2) Note test conditions are "steady state"
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OPERATIONAL SUMMARY

Client Oil Code: AL-1 56 10-L Test Number: 31-07-10-85-3

Laboratory Oil Code: LO-34579 Date Completed: 09-30-87

Maximum I Minimum Averaze

Sneed, r=n 2508 2493 2504

Load, bho 33.8 33. 33.6 I

Cooler into Lnaine, OF 126 124 125

Enaine AT (Cut-In) ,-7 20 10 17

Pumu Gallerv, csi 71.6 69.5 70.9

i znaine Gallery, czi 04.0 63.0 r3.63i I

.1P (Pu.o-naine) , zsi 8.6 5.5 .4

Cylinder Head Gallerv, csii 50.4 58.9.4

AP (Enaine-Head), nsi 5.5 3.0 4.2

Coolina, minutes /1///////////// ///////// }

I Jacket Cutlet, 0F 117 114 115 

T (Out-in), 10 8 9
Water Flow, anm 15.3 15.0 I 15.2

Blowbv Heat Exchanaer, IF 113 110 112

Marine Manifold, IF 92 86 09

Carburetor .

Air Humidity, arains/.b 79.2 79.2 9.2

I Pressure, in. H-0 0.24 )3.18 D.21

Blowbv Temperature, O0 F17 ill 113

Blowbv Rate, cfm t 2.44 2.34 2.38

Crankcase Pressure, in. HnO -2.5 1.2 1.8

Ignition T-iina, OBTDC 1 46 46 46

Intake Manifold Vacuum, in. Ha 9.0 8.7 8.8

Fuel Flow, lts/hr I ...

Exhaust Back Pressure, in. HnO 11.1 8.0 10.3

Exhaust 0", k 1.12 ).94 " .O

0.40 -,.17 -.28

Anal,/sis NOy, zcm I ... ... 2260

Southwest Research :nstitute

Testinq Laboratory
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WEAR SCREENER TEST USING METHANOL FUEL

OIL CODE AL-16155-L

SwRI NO. LO-35822

DATE 10-01-87

TEST NO. 31-08-10-85-3

ENGINE NO. 10

TOTAL ENG HRS 224

FUEL M-85 Tank 105

TEST HOURS 24

FLUSH OIL LO-12119

FLUSH OIL FUEL Philis "J"

FLUSH TIME 3 Hours

DISCUSSION

(1) Take 2 ounce Oil Samole:

- End of candidate flush ("0" hour)

- 8, 16, 20, 24 hours

- "New" Oil

(2) Note test conditions are "steady state"
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OPERATIONAL SUMMARY

Client Oil Code: AL-16155-L Test Number: 31-08-10-85-3

Laboratory Oil Code: L0-35822 Date Completed: 10-02-87

Maximum Minimum Averaae

Speed, rcm 2508 2500 2503

Load, bh 33.8 33.3 33.6

Cooler into Enaine, O? 126 124 125

Enaine IT (Cut-In) , 0 20 17 19

P'--o GallerY, csi 71.7 70.0 "7.8

Encine Callerv', csi 6;3.6 ;;2.6 3.1

%P (Puznn-Enaine) , :si9.1 7.9 ".9

Cy1iner Head allery, PS3 ;50.6 9.0 =9.8

p (Encine--ead), 1 4.0 2.4 .

Coolina, minutes !/////////I/// I/ /

Jacket C-itlet, OF 116 14 i 15

AT (Cut-ITn ), OF 10 9 1

Wiater Flow, arm 15.4 15O.5

Blowbv Heat Exchanaer, OF 113i 108 11

Marine Manifold, 0? 92 _ 87 90

t Temerat-re, OF 82 L 78 90C a r b u r e t r -7 -7 9 .
Air Humidity, crains/lb 779.2 9.2 -9.2

Pressure, In. .H-O 0.24 10.20 .21

Blowbv Temoerature, o. !16 111 .13

Blowbv Rate, cfm 2.42 2.17 J 2.32_

Crankcase Pressure, in. H-O 2.2 1.4 1.8 1

Ignition Timina, 0BTDC 46 46 J 46

Intake Manifold Vacuum, in. Hg I 8.9 9.6 _ _ 8

Fuel Flow, lbs/hr .

Exhaust Back Pressure, in. HO II -9.4 .0.4 .
Exhaust O ), 1 -10 0.80 '0 4

Gas CO, 0 0.21 34

1Analysis NOX, por-n01 10

Southwest Research Institute

Testing Laboratory
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